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A Recommendation for a United Kingdom 
Air Quality Standard for 1,3-Butadiene 


Expert Panel on Air Quality Standards 


The Expert Panel on Air Quality Standards (EPAQS) was set up by the Secretary 
of State for the Environment in 1991 following the undertaking, in the 
Environment White Paper “This Common Inheritance’ published in September 
1990, to establish an expert panel to advise the Government on air quality 
standards. The terms of reference of the Panel are: 

‘To advise, as required, on the establishment and application of air quality 
standards in the United Kingdom, for purposes of developing policy on air 
pollution control and increasing public knowledge and understanding of air 
quality, taking account of the best available evidence of the effects of air 
pollution on human health and the wider environment, and of the progressive 
development of the air quality monitoring network.’ 

This report is one in a series which will deal with pollutants suggested to the 
Panel by the Department of the Environment. Reports will be made on 
individual pollutants except where the Panel decide to deal with more than one 
because of the relationship between pollutants. 
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Introduction 


1. 1,3-Butadiene is a chemical compound, the molecule of which comprises 
four carbon and six hydrogen atoms. At normal ambient temperatures it is a gas, 
and trace amounts can be found in the atmosphere that we breathe. These derive 
mainly from the combustion of petroleum in motor vehicle engines and from 
other sources of combustion such as fossil fuels and accidental fires. 


2. 1,3-Butadiene is used in industry, mainly in the production of synthetic 
rubber for tyres. It is also present in a number of commercial liquid petroleum 
gases. It is thus a chemical to which workers have been exposed, and there is 
evidence that such groups of workers have had a slightly higher than expected 
risk of cancers of the lymphoid system and bone marrow, lymphomas and 
leukaemias. Laboratory studies have shown that 1,3-butadiene causes a variety 
of cancers in rodents and damages the genetic structures of the cell. It is thus a 
genotoxic carcinogen and, in theory, it is not possible to determine an absolutely 
safe level for human exposure. 


3. In practice, however, it is clear from studies of groups of workers, many of 
whom have had substantial exposure to 1,3-butadiene, that risks to the general 
population from the levels currently found in the atmosphere in the United 
Kingdom must be exceedingly small. We nevertheless recommend that steps 
should be taken to keep levels as low as is practicable. In this document we 
summarise briefly the main sources, methods of measurement and evidence of 
health risks of 1,3-butadiene. We then recommend an Air Quality Standard for 
the United Kingdom, based on the best evidence available. 


Sources of Exposure to 1,3-Butadiene 


4. The 1,3-butadiene in the air derives solely from human activity. It is an 
important industrial chemical, being used particularly in the manufacture of 
synthetic rubber for tyres. Some commercial liquid petroleum gases also contain 
up to 8 percent by volume. However, apart from accidental releases from such 
industrial activities, the 1,3-butadiene in the ambient air comes from 
combustion. It is mainly derived from combustion of petrol and diesel fuel, 
but some also comes from house fires and the burning of other fossil fuels. 1,3- 
Butadiene is also present in cigarette smoke. 


5. There is little or no preformed 1,3-butadiene in diesel or in petrol, either 
leaded or unleaded; the emissions in the exhaust gases being produced by the 
combustion process itself. The chemicals in petrol from which the 1,3-butadiene 
is derived, higher olefins, have been present in increasing proportion in petrol 
over the last decade, and it is likely that the amounts of 1,3-butadiene released 
into the atmosphere have therefore been rising. However, 1,3-butadiene is 
removed efficiently by catalytic converters on motor cars and this is likely to 
reverse any such trend, while increasing use of diesel as a vehicle fuel would be 
expected partly to counter this. 


Measurement and Monitoring of 
1,3-Butadiene 


6. In contrast to the better known pollutant gases, there is relatively little 
information on levels of 1,3-butadiene in the ambient air of the United 
Kingdom. The first measurements were made only in 1990, on the Norfolk coast 
and in Cumbria, and between mid 1991 and mid 1992 continuous hourly 
measurements were made at a roadside site in central London. The Department 
of the Environment is now establishing a network of 12 automatic gas 
chromatography sites around the country where continuous monitoring of 1,3- 
butadiene (measuring to an accuracy of + 10% and a precision of 0.1 ppb’) and 
other hydrocarbon compounds will take place. Sites have been established in 
Middlesbrough, London Eltham, London Bloomsbury, Belfast, Edinburgh, 
Birmingham, Bristol, Cardiff and a site in Leeds is expected to be operational 
shortly. Thus daily dissemination of information to the public on 1,3-butadiene 
levels through the Department of the Environment’s Air Quality Bulletin is now 
possible. 


7. Table I summarises the available monitoring data for 1,3-butadiene in the 
United Kingdom since monitoring began in 1990. The measurements have 
shown a very close correlation between 1,3-butadiene and other pollutants, such 
as carbon monoxide, oxides of nitrogen and benzene. These relationships are 
illustrated in Figures I] and 2. The average annual levels to which the population 
of the United Kingdom is exposed clearly depend on proximity to motor traffic 
(see Table 1). Thus someone living close to a busy road may be exposed to an 
annual average concentration of about 0.7 ppb, whereas someone living on the 
Norfolk coast may be exposed to around 0.04 ppb. The very striking difference 
between urban and rural sites reflects not only differences in traffic density but 
also the fact that 1,3-butadiene is removed from the atmosphere in a matter of 
hours by chemical reactions. These prevent it being dispersed far from its source. 
On the basis of the data in Table J and analysis of the relative concentrations of a 
number of motor vehicle-derived pollutants measured simultaneously at 
Cromwell Road and Exhibition Road in London, it is unlikely that annual 
average 1,3-butadiene concentrations will exceed 1 ppb close to the most heavily 
trafficked roads in the United Kingdom. 


' | part per billion (ppb) is one part, by volume, in one thousand million, or 1 in 10°; 1 ppb of 1,3- 
butadiene is equivalent to 2.21 yg/m? at 25 °C and 1013 millibars. 


Table 1 Ambient concentrations of 1,3—butadiene in the United Kingdom 


Site Location Average Period of measurement 
concentration 
(ppb)™ 
Exhibition Road, Urban roadside* 1.09 July 1991—December 1991*** 
London 
0.63 January 1992—June 1992 
(0.86 July 1991—June 1992***) 
Bloomsbury, London Urban roadside* 0.32 February 1993—December 1993 
Eltham, London Urban baseline ey August 1992—March 1994 
Middlesbrough Urban baseline 0.35 January 1992—December 1992 
0.45 January 1993—December 1993 
Belfast Urban baseline 0.65 August 1993—March 1994 
Birmingham Urban baseline 0.41 August 1993—March 1994 
Cardiff Urban baseline 0.60 November 1993—March 1994 
Edinburgh Urban baseline 0.24 October 1993—March 1994 
West Beckham, Norfolk Rural 0.04 January 1990—March 1991 
Great Dun Fell, Remote rural 0.01 January 1990—March 1991 
Cumbria 
e Urban roadside locations are away from the immediate influence of traffic, 5 metres from 


the kerbside with a sampling inlet 3 metres above the pavement. 


o All provisional data (i.e. not ratified by national quality assurance/quality control 


procedures). 


bid This period includes the December 1991 pollution episode mentioned in the text of the 


Report. 


8. These very low annual average concentrations do, of course, conceal 
fluctuations caused by combinations of traffic and weather conditions, and short 
term higher concentrations may occur. For example, during December 1991 
heavy motor traffic at a time of very cold still weather produced a pollution 
episode during which high levels of all exhaust-derived pollutants were measured 
in central London. During this episode, the hourly average 1,3-butadiene level 
remained close to 10 ppb (see Figure 2). The highest hourly level, of 30 ppb, had 
been recorded a few days earlier. Sporadic peaks of 1,3-butadiene have been 
observed at some of the urban baseline sites in Table J. Their origins have yet to 
be established but they point to there being some potentially significant 
industrial sources of 1,3-butadiene. Such intermittent sources are unlikely to 
contribute significantly to annual average concentrations. 


9. There is no evidence that petrol contains anything other than trace quantities 
of 1,3-butadiene, so petrol evaporation is unimportant as an urban source of 1,3- 
butadiene. Exhaust emissions are the only urban source which has so far been 
quantified in the United Kingdom. Vehicles equipped with three-way catalytic 
converters emit negligible quantities of 1,3-butadiene and offer a reduction in 
emissions over those produced by non-catalyst cars of at least a factor of twenty. 
Emissions from diesel cars are detectable at about one tenth of those of non- 
catalyst cars but emissions of 1,3-butadiene are higher from diesel cars than from 
cars equipped with three-way catalytic converters. The fitting of oxidation 
catalysts to diesel cars to meet future emission requirements would, however, 
lead to a reduction of diesel emissions of 1,3-butadiene. It is likely therefore that 
urban 1,3-butadiene levels will decline dramatically as non-catalyst cars are 
phased out in the future and that this decline will not be hindered significantly by 
increased urban traffic growth. 


10. The Panel, in deciding upon a recommended Standard, have considered the 
time period over which 1,3-butadiene measurements should be made. As is 
discussed in the next section, 1,3-butadiene has the potential to cause leukaemias 
and lymphomas. At concentrations occurring in the ambient atmosphere, 1,3- 
butadiene does not have short-term, or acute, effects. The risk of developing 
cancer is related to the period of exposure and the concentration to which the 
person is exposed. 


11. The Panel therefore consider it appropriate to recommend a Standard based 
on a running annual average concentration’, since this is likely to best reflect the 
integrated exposure of the population. The Standard is set on the basis of 
possible health effects; it is intended that techniques for its monitoring be 
consistent with those of the Department of the Environment’s Enhanced Urban 
Network. Such an average will tend to obscure individual high concentrations 
recorded on a daily basis, although pollution episodes such as that of December 
1991 in London will still be apparent. 


? The hydrocarbon analyser utilised in the Department of the Environment’s national network 
collects and analyses samples once per hour. The running annual average concentration is 
calculated by averaging all appropriate available hourly values. 


12. In discussing the recommendation of an Air Quality Standard, the Panel 
have had in mind the importance of practical measures to ensure compliance. As 
stated above, the most important of these relate to traffic exhaust emissions. 
Whilst the Government has already implemented a number of important 
measures in this direction, there also remains much that individuals can do. Since 
traffic levels are predictable and since tomorrow’s weather conditions can be 
forecast increasingly accurately, it is possible to estimate the likely atmospheric 
concentration of 1,3-butadiene and other pollutants the day before they occur. 
This means that episodes, such as that in December 1991, may be forecast and 
the public informed of action that could be taken to reduce such levels, and thus 
reduce the population’s lifetime exposure. For example, by restricting the use of 
motor vehicles at these times it is possible to contribute to reducing the severity 
of such episodes. 


The Effects of 1,3-Butadiene on 
Human Health 


13. Evidence of the hazard of 1,3-butadiene comes from two main sources: 
firstly, studies of human populations exposed in the workplace and, secondly, 
from investigations carried out in laboratory rats, mice and monkeys. The Panel 
put greatest weight on data derived directly from human studies; however, 
compared with benzene, fewer human data are available and greater emphasis 
has had to be placed on results from laboratory investigations. The animal data 
are consistent in showing 1,3-butadiene to be a potent carcinogen and to act, 
through another chemical to which it is converted in the body, on the genetic 
material of cells as a genotoxic carcinogen. 


14. The Panel recognise that extrapolation from the results of animal 
experiments to effects in man is difficult and involves uncertainties. There are 
also difficulties in extrapolating from studies of workers exposed in the past to 
the general population of today. The levels to which workers may be exposed are 
very much higher than those in ambient air; for example, a worker could be 
exposed intermittently to levels of up to 10,000 ppb (the United Kingdom 
workplace maximum exposure limit) compared with an hourly average of about 
20 ppb during a severe short-term atmospheric pollution episode in a city. There 
is no feasible study in man which will show a measurable effect on health of the 
relatively low levels occurring in the general atmosphere. 


15. The data on absorption, distribution, metabolism (that is, biological and/or 
chemical breakdown) and elimination of 1,3-butadiene in humans are limited but 
some information is available from laboratory studies on animals and it is 
possible to draw some general conclusions. Inhalation studies have indicated 
that 1,3-butadiene is absorbed through the lungs and can be detected in all 
tissues which have been examined. Studies comparing uptake in mice, rats and 
monkeys have shown uptake to be greatest in mice and least in monkeys. 1,3- 
Butadiene and the main chemical to which it is converted in the body, an epoxide 
(1,2-epoxybut-3-ene), are eliminated in exhaled air of mice and rats. 


16. The metabolism of 1,3-butadiene has been studied in several animal species, 
and also in tissues derived from them. Differences exist between species and the 
formation of the dangerous chemicals to which it is converted (epoxides) is most 
rapid in mice. Laboratory studies have shown that human tissues can produce 
epoxide metabolites; however, at low doses, the relative capacity of tissues from 
different species to metabolise 1,3-butadiene is unknown. 


17. Short-term human exposures to very high concentrations (several million 
ppb) of 1,3-butadiene, including experimentation on volunteers conducted in the 
1940s before its carcinogenic potential was suspected, have caused irritation of 
the eyes, nose, throat and skin. Investigations of workers in Eastern Europe 
exposed occupationally to high concentrations of 1,3-butadiene have shown 
them to have been at risk of a variety of disorders, including diseases of the 
blood and nervous system. These studies did not take account of other possible 
harmful factors. The general public in the United Kingdom would be exposed to 
much lower concentrations, although for longer periods. 


18. The effect of long-term exposure which is of most concern is the induction of 
cancers of the lymphoid system and blood-forming tissues, lymphomas and 
leukaemias. An increase in the risks of developing these types of cancers has been 
reported in groups of workers in the United States from the 1,3-butadiene 
manufacturing industry and from the styrene-butadiene rubber manufacturing 
industry. Exposures of rats and mice to high inhaled concentrations of 1,3- 
butadiene for all or most of their lifetimes have shown similar effects, as well as 
an increased mortality from other types of malignant disease. Species differences 
in susceptibility to the development of malignant disease have been 
demonstrated; mice, particularly females, are sensitive to the carcinogenic 
effects of 1,3-butadiene with an increase in tumours being noted after long 
duration exposure to levels of, and in excess of, 6,250 ppb. This increased 
susceptibility may, in part, be due to the differences in uptake and metabolism of 
1,3-butadiene in mice as compared with other animals which were noted 
previously. 


19. Various laboratory studies examining the mode of action of 1,3-butadiene 
and some of its metabolites have been carried out. 1,3-Butadiene damages the 
genetic material of cells in various ways and these genotoxic effects indicate that 
it may cause malignant disease after very small exposures. The Panel have taken 
the view, as with benzene, that while this could be strictly interpreted as meaning 
that there is no safe level to which people can be exposed, a more realistic view is 
that the risks become progressively smaller as the cumulative exposure of an 
individual is reduced and that there is a level at which increased risks attributable 
to 1,3-butadiene are exceedingly small and unlikely to be detectable by any 
practicable method. 
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20. Further problems in extrapolating risk from groups of industrial workers to 
the general population relate to the size and make-up of the industrial group 
studied. In the work reported in the medical literature, the industrial groups 
(often called ‘cohorts’, that is defined groups of workers followed forward over 
time in order to estimate their risks of death from various diseases) have ranged 
in size from about 2,500 — 12,000. Lymphomas and leukaemias are relatively 
uncommon in the general population of the United Kingdom, occurring in about 
1 person in 2,800, and it is often difficult (on present knowledge) to exclude the 
possibility that small excesses of cases are chance occurrences. Thus, the smaller 
the cohort, the greater the disease-causing effect has to be in order for it to be 
detected. However, in one of the cohorts the exposure histories of workers who 
had died of lymphoma or leukaemia were compared with those of control 
workers without these diseases, matched for factors such as age, year of 
employment and factory. The results showed those who had died of lymphoma 
or leukaemia to have had a substantially greater occupational exposure to 1,3- 
butadiene than had the control workers. 


21. An important point the Panel have considered in recommending a Standard 
concerns the differences between past industrial cohorts and the general 
population. The former generally comprised fit males, young and middle-aged, 
whereas the general population also includes children, pregnant women, the 
elderly and the sick, some of whom may be particularly sensitive to toxic 
chemicals. Industrial workers are potentially exposed to relatively high 
concentrations for perhaps 8 hours per day, five days weekly for 40 years, 
whereas the general population is exposed to much lower concentrations, but 
throughout their lifetimes. 


22. The Panel have examined published reports of studies of lymphomas and 
leukaemias in groups of workers exposed to 1,3-butadiene. None of these 
provided information on measured exposures of workers who had died from 
these cancers; however, attempts have been made to categorise workers’ 
exposure using job description data (see Table 2). Exposure data for people 
currently exposed to 1,3-butadiene and doing jobs having the same job 
description as those identified as being at particular risk from 1,3-butadiene 
were also available (see Table 3). Current exposures in these jobs are likely to be 
lower than in the past owing to changes in work practices and improved 
controls. For example, the American Conference of Governmental Industrial 
Hygienists’ threshold limit value* for exposure to 1,3-butadiene over an 8-hour 
working day in a 40-hour working week was, until 1984, 1,000,000 ppb (as a 
time-weighted average), as compared with the present value of 10,000 ppb and a 
proposal that it should be further reduced to 2,000 ppb. Assuming that the job 
description applied to the same type of work being done now as formerly and 
given that current workplace levels are lower than in the past, 


> The threshold limit value is the concentration to which it is believed that nearly all workers may 
be repeatedly exposed under the defined conditions without adverse health effects. It is not 
intended for use outside the industrial workplace. 
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thus providing an inbuilt safety factor, the Panel used the current exposure data 
to obtain a level of exposure for the groups of workers identified as probably not 
having been at increased risk of developing these cancers. Consideration of these 
data led the Panel to conclude that it was unlikely that an excess risk of 
lymphomas or leukaemias would be detectable at exposures below about 1,000 
ppb. We note, however, the relative weakness of the available information on 
human exposures, even compared with that available for benzene, and therefore 
acknowledge the uncertainty surrounding this figure. 
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Justification of an Air Quality Standard for 
1,3-Butadiene 


23. The Panel accept that 1,3-butadiene is a genotoxic carcinogen and that 
therefore no absolutely safe exposure level can be defined. Nevertheless, for 
practical purposes we believe that a concentration may be proposed at which the 
risks are exceedingly small and unlikely to be detectable by any practicable 
method. We have taken the view, therefore, that an Air Quality Standard can be 
set. In recommending a Standard, we have considered evidence concerning the 
risks of lymphomas and leukaemias in cohorts of workers exposed to 1,3- 
butadiene, since there are no useful data available on the effects on humans or 
animals of the very low concentrations found in the ambient air. Considerable 
uncertainties surround the estimates of exposure in such cohorts, making the 
accurate extrapolation of risk from high occupational to low ambient exposure 
impossible and which give to such formal quantitative risk assessments a 
misleading appearance of precision. This general view has also been taken by the 
Department of Health’s Committee on Carcinogenicity. 


24. Consideration of the evidence has led the Panel to conclude that it is unlikely 
that increased risks of lymphomas and leukaemias would be detectable by any 
practicable means in cohorts of workers exposed to 1,000 ppb of 1,3-butadiene 
over a working lifetime. In order to take account of the difference between 
working lifetime (approximately 77,000 hours) and chronological life (about 
660,000 hours), the figure of 1,000 ppb has been divided by 10. Further, since it is 
reasonable to suppose that the population includes people, such as those exposed 
to other causes of lymphomas and leukaemias, and individuals who might be 
particularly sensitive to 1,3-butadiene, the Panel have recommended that a 
further safety factor be applied. In the absence of any evidence on interindividual 
differences we have chosen a factor of 10, analogous to factors used for this 
purpose in regulatory toxicology for non-carcinogens. We thus arrive at a value 
of 10 ppb. 


25. The Panel noted the weaknesses of the exposure data in epidemiological 
studies of persons exposed in industry. We therefore reviewed the studies in 
animals on the carcinogenicity of 1,3-butadiene. It is clear that the recent 
laboratory data provide good evidence that 1,3-butadiene is a genotoxic 
carcinogen. Further, the biochemical pathways by which it is activated also 
exist in humans. The Panel were unanimous in agreeing that the levels of 
genotoxic carcinogens in the environment should not be allowed to rise. 
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We also noted that the concentrations of 1,3-butadiene measured in urban air of 
the United Kindom have not exceeded 1 ppb as a running annual average. We 
therefore recommend 1 ppb, measured as a running annual average, as the 
Standard, and are of the view that, at this concentration, any risks to the health 
of the population are exceedingly small. 


26. The Panel debated the principle, discussed in the Benzene report, that 
concentrations of genotoxic carcinogens should be subject to a Standard that is 
as low as practicable. In the case of benzene this had led to the recommendation 
of a target Standard. We have adopted a different approach for 1,3-butadiene 
for the following reasons: (a) by recommending a Standard at a value close to the 
current levels we have incorporated an additional ten fold safety margin below 
the figure derived from human epidemiology; (b) as we have noted, there are 
uncertainties inherent in the human data; (c) there are, as yet, only limited 
monitoring data; and (d) the data are insufficient to determine what effects 
recent pollution controls will have on the environmental levels of 1,3-butadiene. 
For these reasons we believe that the Standard, and the need for a target 
Standard, should be reviewed by the Panel within five years. In the interim, as a 
precautionary measure, we recommend that the Government’s programme of air 
pollution controls should aim to ensure that, at any one site, the Standard is not 
exceeded and that there is an overall decline in measured 1,3-butadiene 
concentrations. 
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Recommendation for an Air Quality 
Standard for 1,3-Butadiene 


27. The Panel recommend an Air Quality Standard for 1,3-butadiene in the United 
Kingdom of 1 ppb measured as a running annual average. We also recommend that 
this Standard, and the need for a target Standard, be reviewed after a period of, at 
most, five years in the light of any additional human data and of the experience of 
improved pollution control. In the interim the Panel recommend that, as a 
precautionary measure, the Government’s programme of air pollution controls 
should aim to ensure that, at any one site, the Standard is not exceeded and that 
there is an overall decline in concentrations. 


28. These recommendations are intended to reduce the cumulative lifetime 
exposure of the United Kingdom population to 1,3-butadiene. It is intended that 
the techniques for monitoring the Standard be consistent with those of the 
Department of the Environment’s Enhanced Urban Network. 
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Figure 1 Average diurnal variation of 1,3-butadiene and carbon monoxide at the 
Exhibition Road, London roadside site — 19 July 1991 to 30 June 1992. 
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Figure 2, Concentrations of atmospheric contaminants at Exhibition Road, London — 
11 December to 15 December 1991 
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